Abstract Urinary Tract Infections (UTIs) are huge health burden. This study determined the current incidence of antibiotic resistance among Gram-negative bacteria from patients with UTI at a health center in Ado Ekiti, Nigeria. One hundred and twenty two mid-stream urine samples were collected and cultured. Sixty-four samples (52.4%) grew significant bacteria. Gram-negative bacterial colonies were picked per plate, identified and tested for susceptibility to the following antibiotics: Ertapenem (10µg), meropenem (10µg), ceftazidime (30µg), ceftriaxone (30µg), gentamicin (10µg), ampicillin (10µg), tetracycline (30µg), norfloxacin (10µg) and pefloxacin (5µg). Thirty-nine isolates were selected for extended spectrum beta-lactamase production using the double disk synergy test. All the bacteria were tested for biofilms and haemolysis. Sixty-four Gram-negative bacterial isolates were recovered from 64 samples. The bacteria recovered included K. pneumonia, K. oxytoca, P. vulgaris, E. coli, P. mirabilis and P. aeruginosa. Overall, the bacteria showed the highest resistance to ampicillin 60/64 (94.5%) and least resistance to meropenem 18/64 (28.1%). All the bacteria tested for ESBL production were confirmed as ESBL producers. Twenty-two (34.3%) isolates were strong biofilm producers while 19 isolates were haemolytic (29.7%). These findings have serious implications to medical care and public health. Strict antibiotic stewardship should be enforced.
Introduction
Urinary tract infections (UTIs) are microbial invasion of the urinary tract, including the kidneys, urethra, bladder and other related anatomical sites [1] . Globally, UTIs are the most common microbial infections in humans with significant public health burden in terms of morbidity, mortality and financial costs [2] . Furthermore, an estimated 150 million people are affected by UTIs with diverse epidemiological characteristics across the globe [3] . Some Africa wide studies have also confirmed that UTIs are common problem in Africa, including Nigeria [4] . Although systematic data are unavailable for Nigeria, several independent studies have confirmed that UTIs are common, in different strata of the population, including women, outpatients and inpatients [5, 6] .
Freshly voided urine from the kidneys is sterile; but significant number of bacterial colonies could be detected following microbial invasion and colonization of the urinary tract [2] . Accordingly, UTI is confirmed by the bacterial count of ≥ 10 5 cfu/mL in freshly voided midstream urine [7] . In qualitative bacteriological terms, the most predominant bacteria implicated in UTIs include E. coli, S. aureus, K. pneumoniae, E. aerogenes, P. aeruginosa, S. faecalis and Enterobacter spp. [1] . The clinical indications of UTIs include cystitis -which is bacterial colonization of the bladder, pyelonephritis and uretheritis which affects the kidneys and urethra respectively [2] . Previous studies have established that Nigeria has a share in the burden and prevalence of UTIs in different states and municipalities [8, 9, 10, 11] . It was also reported that the UTI prevalence of 54% among pregnant women in Akwa metropolis in Southeastern Nigeria [11] . Similarly, a prevalence of 47.5% among 80 freshly voided urine samples collected at an antenatal clinic [12] . UTIs have also been reported among children and adolescents [13] even though with lower prevalence as compared with studies involving pregnant and sexually active women. However, there are indications that the epidemiological features of infectious diseases, including UTIs, vary across different locations and clinical settings at different periods; making it imperative to know the current epidemiological characteristics of UTIs in selected locations [14, 15] . This knowledge is crucial for surveillance and antimicrobial stewardship. Unfortunately, there is lack of coordinated surveillance efforts and therefore, surveillance of infections is considered an imperative to achieve this purpose.
The predominance of UTIs has necessitated the increased use of antibiotics to treat and prevent UTIs in core clinical and community settings [15] . However, this has always heightened the risk of emergence of antibiotic resistant bacteria in UTIs leading to a recent surge in the incidence of antibiotic resistant UTIs [2] . Common treatment regimens for UTIs include amoxicillin-clavulante, nitrofurantoin, beta-lactams, fluoroquinolones and trimethropin-sulfamethoxazole [16] . High incidence of extended spectrum beta-lactamase (ESBL) producing bacteria from UTIs has been confirmed by different studies [17, 18] . This phenomenon has been linked with increased antibiotic treatment failures, hospitalizations and complications in clinical settings [19, 20] . Antibiotic resistance among bacteria in community acquired UTIs have also been reported in Nigeria and other developing countries and they are associated with intake of antibiotics without prescription [17, 21, 22] .
This study was carried out determine the current prevalence of multiple antibiotic resistant Gram-negative bacteria and their current antibiotic resistance patterns among individuals who reported at two healthcare facilities in Ekiti-State, South western Nigeria.
Methodology

Study Locations and Sample Collections
This study was carried out at the tertiary healthcare facility that provides extensive in-and out-patient services for the general populace in Ekiti-State, Nigeria. Ekiti State is located in the southwest geopolitical region with an estimated population of 1 million people. This hospital provides inpatient and outpatient services. Freshly voided midstream urine samples were collected from patients referred to the microbiology laboratory for urine culture and antibiotic sensitivity between February 2018 to June 2018. A total of 122 urine samples were collected of which 64 samples grew significant bacteria. The samples collected spread across inpatients, outpatients and the different hospital units (Figure 1 ). The demographic details of individuals that reported and submitted urine samples to the microbiology laboratory are given in Table 1 . Samples were obtained following necessary ethical approvals from the respective institutions. 
Culture Procedure
Ten microliters of each mid-stream urine sample was inoculated separately onto plates containing cysteine lactose electrolyte deficient medium (CLED) and MacConkey agar. Inoculated plates were incubated at 37°C for 24 hours. For each urine sample, bacterial colony counts ≥ 10 5 cfu/ml on CLED was considered significant. Presumptive colonies were picked from corresponding MacConkey agar plates and sub-cultured onto fresh agar plates to obtain pure colonies. All bacteria were identified using standard biochemical tests [23] and stored on nutrient agar slants for further study. 
Antibiotic Susceptibility Test
Antibiotic susceptibility tests were carried out on all bacterial isolates using the disk diffusion method and interpreted according to the guidelines of the Clinical Laboratory Science Institute [14] . The bacterial were grown overnight on sterile Mueller-Hinton agar plates and few colonies were inoculated onto sterile normal saline adjusted to match the 0.5 Turbidity standard. The antibiotic disks used included the following: Ertapenem (10µg), meropenem (10µg), ceftazidime (30µg), ceftriaxone (30µg), gentamicin (10µg), ampicillin (10µg), tetracycline (30µg), norfloxacin (10µg) and pefloxacin (5µg). A standardized innocula were used to inoculate sterile Mueller-Hinton agar plates and antibiotic disks were placed as appropriate. All plates were incubated at 37°C for 24 hours. Plates were checked for zones of inhibition ant classified as resistant using the standard interpretative chart. Multiple drug resistance (MDR) was defined as resistance among the isolates to drugs in two or more different classes of antibiotics. The E. coli ATCC 25922 was used as control for all antibiotic susceptibility tests.
Detection of ESBL Producers
All 39 bacteria that showed reduced susceptibility to either ceftazidime were tested ESBL production using the standard double disk synergy tests. In this test, disks containing amoxicillin-claviculanic acid was placed at the center of inoculated Mueller-Hinton agar plates, surrounded by ceftazidime and ceftriaxone placed 20 mm equidistant from the amoxicillin-claviculanic disks. Bacteria with enhanced zone of inhibition towards the amoxicillin-claviculaninc acid disk were recognized as ESBL producers.
Detection of Biofilm Formation
For the purpose of this study, the Congo red agar method was used for the detection of biofilm producers among all the bacteria isolated as previously described [25] . The bacteria were grown on agar plates supplemented with Congo red and incubated at 37°C for 24 hours. Formation of black crystalline colonies was taken as confirmation for the formation of biofilm among the bacterial isolates. Those with grey colonies were indicative of intermediate biofilm producers while those that appeared red were non-biofilm producers.
Detection of Haemolytic Activity
The hemolytic activity of all the bacteria was detected by culturing the bacteria on Mueller Hinton agar plates supplemented with 5% sheep blood and incubated at 35°C for 24 hours [26] . After incubation, all plates were checked for characteristic alpha and beta hemolytic patterns.
Results
The urine samples from different units of the hospital were cultured accordingly and different Gram-negative bacteria were obtained. Sixty four out of 122 urine samples collected showed bacteriurea and sixty-four organisms were obtained from the urine samples ( Figure 2 ). The bacteria recovered were K. pneumonia, K. oxytoca, P. vulgaris, E. coli, P. mirabilis and P. aeruginosa. The distributions of the organisms across the different units is shown in (Table 2 ) with the SOPD emerging as the unit with the highest number of bacterial isolations. All the bacteria that showed reduced susceptibility to ceftazidime (<22mm) were all confirmed to be ESBL producers on the basis of their patterns with the double disk synergy test (Figure 3) . Overall, resistance to amplicillin was highest, followed by pefloxacine and gentamicin respectively (Table 3 ) while resistance to ertapenem and meropenem was least ( Table 3 ). The distribution of the resistance shown to various antibiotics among the different organisms is shown in (Table 4) . Multiple antibiotic resistance was defined as resistance to minimum of 3 antibiotics of different classes and 61 (95.3%) isolates were multi-drug resistant (Table 5 ) with 28 different resistance patterns were observed (Table 6 ). Nineteen isolates (29.7%) showed some hemolysis (Table 7) while fifty-one isolates (70.7%) produced biofilms produced biofilms with different haemolytic patterns (Table 8 ). Gen-Pef-Tet-Cro-Amp
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Discussion
This study was carried out to determine the current prevalence of Gram-negative bacteria pathogens among patients suspected with UTI at the health center in EkitiState, Nigeria. Out of all the 122 urine samples collected within the stipulated study period, 64 (50.4%) of the samples had significant bacterial growth by standard culture. Urinary tract infection is one of the most common infections in clinical and community settings and this finding in this present study conforms to this established fact about the epidemiology of UTIs. More specifically, significant bacteria appear to be more common among patients referred to the laboratory from the OPD, A/E and O/G units in the respective study locations, indicating that the community setting has a share of UTIs, as shown in this study. There is growing body of evidence that UTIs are getting more common in community settings with serious concerns that upsurge in the rate of community dependent UTIs could spread to clinical environments [27] .
This study focused more specifically on the incidence of Gram-negative bacterial pathogens among individuals that presented symptoms of UTIs and who reported to the microbiology laboratory for prescribed urine culture and antibiotic sensitivity tests. Overall, the most common Gram-negative organism isolated from urine sample at the location was K. pneumonia, followed by K. oxytoca and E. coli. It should be noted that various studies have reported the prevalence of different bacterial pathogens at different periods. In a similar study by Agbagwa and Ifeanacho (2015) [10] , K. pneumonia also appeared to be the most common organisms among patients with UTIs. However, bacterial etiologies of UTIs in clinical and community settings vary across different locations.
A closer observation of the overall antibiotic susceptibility shows that resistance to ampicllin was highest (94.5%), followed by resistance to pefloxacin (87.3%), gentamicin (85.5%) and tetracycline (82.7). The organisms showed the highest susceptibility to meropenem (31.0%) and ertapenem (40.0%). The results also show that different organisms showed different proportions of antibiotic resistance to the different antibiotics, relative to the total number of each organism isolated and tested for antibiotic resistance. The high level of resistance shown to some of these antibiotics, especially ampicillin, agrees with other findings that have also reported elevated level of resistance to ampicillin and the 3 rd generation cephalosporins [28, 29] . Another study by Leski et al., (2016) [6] reported widespread resistance to sulphonamides, chloramphenicol and gentamicin among Gram-negative bacteria isolated from patients with UTIs, although resistance to ampicilin was moderate. However, similar study [30] also reported low frequency of resistance to ampicillin and tetracycline. It should be noted that the etiologies of UTIs vary across different locations and clinical settings, so also is their susceptibility to antibiotics. Resistance to the carbapenems as observed in this study was lowest, and meropenem appears to be more sensitive than ertapenem. Reduced susceptibility to carbapenems are also increasingly reported even though for now, resistance among bacterial infections to carbapenems has not attained any crisis level but their presence is considered an emerging threat to health care (Eshetie et al., 2015) . There are reports of increasing incidence of resistance to carbapenems in core clinical settings in Nigeria [31, 32] . The bacteria also demonstrated diversity in their ability to resist multiple antibiotics of different groups.
In this study, resistance was defined as the reduced susceptibility to minimum of three antibiotics of different groups. Some of the bacteria showed resistance to as many as 6 different antibiotics. This observation has serious implication to healthcare and public health. Emergence of bacteria in clinical setting that show resistance to multiple antibiotics of different classes compromises the efficacy of the antibiotics and reduces the therapeutic options available for treatment of infectious diseases [33] . Another concern is that bacteria in clinical settings could develop resistance to carbapenems without prior history of usage of carbapenems for therapeutic purposes [34] .
As noted in this study, resistance to third generation cephalosporins and production of extended spectrum beta -lactamase among bacteria in core clinical settings is currently a very serious challenge. The representative bacteria that were selected on the basis of their multidrug resistance phenotypes and their resistance to either ceftazidime or ceftriaxone were all confirmed to ESBL producers. This is because the 3 rd generation cephalsporins are currently one of the drugs of choice for the treatment of bacterial infections [35] and the dependence on this group of antibiotics could be a contributory factor to the emergence of resistance to these antibiotics. Some studies have also reported high frequency of ESBL producing bacteria in UTIs and healthcare associated infections in Nigeria [36, 37] . A similar study in Bangladesh revealed that majority of the bacterial isolates from patients with UTIs was ESBL producers by double disk synergy test [38] . Latifpour et al., (2016) [39] also reported a high prevalence of ESBL producing K. pneumonia among individuals with healthcare and community acquired UTIs in Iran.
Also in this study, 27 bacterial isolates equivalent to 24.5% of the total bacterial isolates were confirmed to be hemolytic (Table 7 ). This indicates the potential pathogenicity of the bacterial isolates from patients with significant bacteriurea. The low frequency of hemolytic bacteria observed in this study is similar to the finding of Onanuga et al 2016 [40] , who observed that approximately 13% of antibiotic resistant bacteria produced hemolysins. Many of the bacterial isolates were strong biofilm producers. Sixty six isolates (60.0%) were strong biofilm producers while 43 (39.1%) isolates were weak biofilm producers ( Table 8 ). The ability of the bacteria to form biofilm enhances the capacity of such bacteria may aggregate to surfaces and catheters and cause persistent and recurrent bacterial infections. Bacteria that form biofilm during infections are very difficult to treat and require higher doses of antibiotics to eliminate such bacteria during treatment (Flores-Mireles et al., 2015) . Continued exposure of bacterial biofilms to antibiotics enhances resistance to antibiotics used in the treatment.
Conclusion
Some patients observed in this study had UTI and bacteria isolated from their urine were resistant to antibiotics. Resistance to carbapenems appears to be and emerging issue. The general findings in this study further underscore the need for continuous surveillance of antibiotic resistant bacteria in healthcare and public health. This continuous surveillance will provide timely data for proper antimicrobial use and for antibiotic treatment policy for antimicrobial stewardship. There should be cautious use of the cephalosporins and necessary attention should be given to any emergence of carbapenems resistant bacteria in clinical settings. This is necessary to preserve the efficacy of the antibiotics that are commonly used for the treatment of infections in patients.
